of approximately 480 graves, encompassing all possible individuals with no selection according to grave goods or architecture. Isotope mapping provides a framework of comparative data on locally biologically available isotope ratios. The interdisciplinary analysis of archaeological and isotope geochemical data will reveal which individuals are nonlocal, provide information about their "integration" in the burial communities, and create the basis for a detailed review of the existing hypotheses on the migrations of the Langobards. This paper focuses on strontium (Sr) isotope analyses for the burials from the central German cemeteries of Rathewitz and Obermöllern, their archaeological interpretation and environmental comparative data from around the sites. Neither cemetery is assigned to the Langobards, instead both have been assigned to the early medieval tribe of the Thuringians 1 . They have been included in the Langobard project in order to test two opposing hypotheses: Do some of the Central German cemeteries represent 1 All names of historically recognized cultural groups are either used in the same way as by the cited author or as an ordinary description of a region, when comparing the distribution of objects. The interpretation of these terms as ethnic groups is currently debated and will be addressed in forthcoming data analysis and publications (see also Brather 2004) . We use these terms for convenience and clarity and do not imply an ethnic interpretation. archaeological relics of the transition of the Langobards from the lower Elbe River in the 2 nd century to the northern Danubian area in the late 5 th century, about which historical sources do not provide any details? Or, did the Thuringians take part in the later migrations of the Langobards to Pannonia and finally to Italy, as certain brooch forms suggest (see, e.g., Droberjar 2008; Tejral, 2005; Tejral, 2008; Tejral, 2009 ).
The cemeteries of Obermöllern and Rathewitz
The cemeteries of Obermöllern and Rathewitz (Burgenlandkreis, southern Saxony-Anhalt) have been chosen to be case studies. The very richly equipped graves there provide an excellent basis for answering the research questions outlined above. The excavations have yielded both local Thuringian objects and finds and features providing evidence of contacts across Europe. Furthermore, they have been only slightly affected by later disturbances, such as grave robbery.
The skeletal remains had been stored in a state museum collection and were sorted well by grave contexts. The generally good state of preservation and the absence of more recently excavated, equally well suited material legitimates the analyses, even though several decades have passed since the excavations took place.
In contrast to the row grave cemeteries of Western and Southern Germany, which often consist of several hundred burials, the Central German sites comprise only a few dozen inhumations. They probably do not represent all of the deceased from a settlement community, but rather a selection that might have been based on social status or kinship. Such cemeteries are typical in the area, which is believed to be Thuringian in the 5/6 th century (Theune, 2008) .
The cemetery of Obermöllern is the larger of the two sites and consisted of 31 burials (Schmidt, 1975) (Fig. 2) . It was excavated between 1925 and 1931 (Grimm, 1953; Holter, 1925) and finally published in the 1970s (Schmidt, 1975) . Most of the inhumations are very well equipped. The grave goods found with the greatest frequency are objects of jewellery and weaponry.
Anthropological analysis of the skeletal remains was performed in conjunction with the initial archaeological investigations (Holter, 1925; Müller, 1961; Schott, 1961) . Within the current project, a reappraisal of these early studies was conducted using contemporary analytical standards. Additional skeletal remains of children were detected in two graves. Because there were a few graves for which no bones were preserved, a total of 27 human individuals were subject to anthropological investigation. Eight (29.6 %) of them are (probably) female, eight (29.6 %) are (probably) male, one (3.7 %) is an adult whose sex could not be determined, and ten (37.0 %) individuals are children ranging from newborn to fourteen years of age. In contrast to the findings of the first analysis, which suggested that very young and very old individuals were overrepresented in the group, coinciding with ethnographical analogies of an emigration of juvenile and adult community members (Burmeister, 1998) , the new investigations show a more equal distribution over age classes.
The somewhat smaller cemetery of Rathewitz (Fig. 3) was excavated between 1955 and 1957 and published by Berthold Schmidt (Schmidt, 1975) . It yielded eighteen human burials, from which skeletal remains of sixteen individuals were preserved. In addition, the skeletons of one horse and one dog were unearthed (cf. Blaich, 2009b) . Our anthropological analysis identified eight individuals (50 %) as (probably) female, seven (43.8 %) as (probably) male and one (6.3 %) as a child between three and five years of age. Both graveyards were in use for only two to three generations, or for a maximum of 80 years, from the late 5 th century to the mid 6 th century (cf. Hansen, 2004; Schott, 1961; Theune, 2008) . Therefore, if the cemeteries were founded by immigrants, a significant portion of the burials should contain nonlocal individuals.
Geological settings
The study area is located in the southwest of Saxony-Anhalt. It lies on the northeastern edge of the Thuringian basin, formed by Triassic rocks (Buntsandstein, Muschelkalk and Keuper) . Toward the east, Pleistocene and Holocene deposits (glacial, periglacial and fluviatile sediments) are dominant. To the north and south, at a distance of about 50 km, the Harz massif and the Thuringian highlands constitute the oldest units of the area (mainly Palaeozoic with a few plutonic and volcanic areas) (Fig. 4) .
Despite the occurrence of diverse geological units in the nearer surroundings of the cemeteries (all of those mentioned above, plus a few Oligocene sediments), Pleistocene loess deposits constitute the main substratum within a 2 km radius around the sites. They cover ca. 75 % of the area around Obermöllern and ca. 90 % of that around Rathewitz. Muschelkalk carbonate rocks are also an important component of the landscape in the immediate periphery of Obermöllern (25 %), whereas it is nearly absent from the area of Rathewitz. Buntsandstein occupies only a small area close to the cemeteries (less than 5 %). It is composed of sandstones with intercalated clays (Middle Buntsandstein) and gypsum (Upper Buntsandstein). Except for two small areas of carbonate deposits from the Zechstein (Palaeozoic, Permian), these geological formations prevail within a 40 km radius of the cemeteries. 
Material and methods
Information indicating the provenance of an individual is linked to the geological conditions of the area where he or she grew up. Since 87 Sr is a radiogenic isotope, 87 Sr/ 86 Sr ratios of bedrock vary with Rb content and age (Faure, 1986) . After weathering, bedrock strontium is released into soils and groundwater, is absorbed by plants, and passes on through the food chain without any significant fractionation. In mammals, strontium is primarily incorporated into bones and teeth, where it substitutes for calcium. Tooth enamel is a favoured material for provenance studies. It is a very dense material with low organic content that does not remodel in later stages of life and is comparatively resistant against alteration during burial (reviewed in Bentley [2006] and Knipper [2004] ). It mineralizes in human permanent teeth between the individual's birth and an age of sixteen or later in some cases, with systematic differences among different teeth (AlQahtani et al., 2010; Schroeder, 1987; Schumacher et al., 1990) .
Sampling concentrated on permanent first molars (M1) whenever possible in order to obtain data associated as closely as possible with the birth of the individual: M1 crowns mineralize between birth and approximately the third year of life. Third molars (M3), which mineralize ca. between the ages of seven and fourteen to eighteen (Olze et al., 2003; Schroeder, 1987; Schumacher et al., 1990) , were also sampled for older children and adults in order to track possible movements during childhood. Strontium isotope analysis was carried out on a total of 24 individuals from Obermöllern. They include seven adult females and seven adult males, one adult of undetermined sex, and nine children. For ten individuals, tooth pairs of first and third or, in a few cases, second molars from the same individuals were sampled. The Rathewitz samples were taken from fourteen individuals: six adult females and seven adult males, and the child. Tooth pairs were analyzed for nine burials. Details about sample preparation are given in the Appendix.
Characterization of the local biologically available strontium is crucial to identify nonlocal individuals within a burial community. The ideal comparative material would be contemporary to the human remains in question, have a known catchment area and be unaffected by alteration over time. Since there is no material that fulfils all of these requirements, past migration studies and isotope mapping projects have opted for a variety of substitutes whose advantages and disadvantages have been discussed in detail Evans et al., 2009 ). These include modern plants, sediment leachates, water, human bones, and archaeological faunal teeth (Chenery et al., 2010; Haak et al., 2008; Bentley and Knipper, 2005; Evans and Tatham, 2004; Schweissing and Grupe, 2003; Chiaradia et al., 2003; Montgomery et al., 2000; Sillen et al., 1998; Grupe et al., 1997) .
Within this study a number of different modern and archaeological materials have been analyzed to provide the baseline of the local variation of the biologically available strontium. Among the archaeological materials are bone samples from the femur compacta of seven individuals from Obermöllern and six from Rathewitz. These either integrated dietary strontium during the last years of life or were diagenetically overprinted during burial Bentley, 2006) .
Faunal tooth enamel is more resistant to contamination, but the exchange of single animals with other communities or seasonal mobility of larger herds can cause them to reflect nonlocal values (Knipper, 2009 ). The grave fillings in both cemeteries occasionally yielded faunal remains, from among which one pig tooth from Obermöllern was included. Because of the lack of contemporary settlement features, three samples from sheep/goat, pig, and cattle from an Iron Age settlement pit (Ha D2; personal comm. Dr. H.-J. Döhle) from Obermöllern were sampled as examples of pre-industrial specimens.
In addition to the archaeological samples, a preliminary examination was conducted on water and plants from the area. These were collected during the spring of 2009. The river samples average the iso-tope ratios of the different geological units which they cross. In contrast, plants inform about the isotope ratios of the biologically available strontium for precise localities within a particular geological domain. However, the utilisation of modern river and plant samples for migration studies in the past must be viewed with caution. River water can be prone to seasonal variation (Palmer and Edmond, 1989) , and both river and plant samples can be influenced by fertilizers and/or atmospheric inputs Green et al., 2004; West et al., 2009; Böhlke and Horan, 2000; Tricca et al., 1999) . Our vegetation samples were collected in forests in order to minimize the contribution of fertilizers as much as possible. In addition, a control sample was collected from an agricultural field to allow an estimation of the potential distortion of the natural strontium isotope ratios by fertilizers.
Despite the potential biases, data from river and plant samples are being tested to provide a guide for a first approximation of the modern regional variability, which will be compared to data obtained from archaeological faunal teeth. Twelve water samples from rivers and springs and twenty six plant samples (leaves and grass) have been collected from an area of around 160 square kilometers in the area of the cemeteries. Most of them come from within a 2 km radius around the sites (more than 60 % of the samples). Each sampling locality was recorded with a hand-held GPS receiver (Fig. 5 ). Details about sample preparation are given in the Appendix.
Geological characteristics and biologically available strontium
The water and the vegetation samples from around the cemeteries yielded relatively similar ranges Table 1 ). Water samples are therefore good candidates for an initial delimitation of the regional strontium isotopic signature in this geological environment. However, the determination of the strontium isotopic composition of the biosphere within each geological unit is inferred from the data obtained from the modern (Ufrecht and Hölzl, 2006; Stephan, 2009) . In summary, for those geological entities for which a minimum of three vegetation samples were collected, the variability of the ratios did not exceed 0.0008. The archaeological faunal teeth yielded strontium isotope ratios within the range of the regional variability inferred from the modern environmental samples and confirmed the overall spectrum of isotope ratios in the modern samples ( Fig. 6 and 7 ). 
Strontium isotope ratios in Obermöllern and Rathewitz -Human tooth enamel

Obermöllern
The differentiation of local and nonlocal individuals was based on a combination of the analytical results for modern environmental samples, archaeological faunal enamel, and human bones. For Obermöl-lern, the mean 87 Sr/ 86 Sr value ± 2 (standard deviations) of seven bones ranged from 0.70930 to 0.71023. Either due to diagenetic overprint (Horn and Müller-Sohnius, 1999) or due to adjustment to the local ratios by constant remodelling , bones usually present local Sr isotope values. The range among the bones from Obermöllern falls into the span of Sr isotope ratios determined for all other comparative samples.
The 87 Sr/ 86 Sr ratios in the human enamel samples varied between 0.70887 and 0.71425 ( Fig. 7 ; Table 2 , see appendix). Under a conservative interpretation, values plotting outside the range of the comparative samples are considered nonlocal. Among the 24 analyzed individuals, this approach revealed three migrants, one adult woman (Grave 2), a late-adult man (Grave 12) and the burial in Grave 20 whose sex could not be determined by anthropological techniques, while the grave goods indicate female sex. The male burial from Grave 12 is of special interest. While the Sr isotope ratio of his lower left M1, 0.71425, is indisputably nonlocal, the 87 Sr/ 86 Sr value of his M3 (0.71050) falls into the local range. This provides evidence of movement between his first years of life and his later childhood/youth. All of the Sr isotope ratios found for subadult individuals overlapped with the environmental values. None of them appeared to be unquestionably nonlocal. According to these data, 20 % of the adult individuals from Obermöllern, i.e. 12.5 % of the whole burial community, did not grow up close to the site.
Because of the comparatively broad range of environmental Sr isotope data in the geologically variable area and because the 87 Sr/ 86 Sr ratio range between about 0.7090 and 0.7105 is not unique, but overlaps with other localities, the possibility of some number of unrecognized nonlocal burials could not be ruled out. In addition, it is likely that individuals whose 87 Sr/ 86 Sr ratios vary more than 0.001 between early and late forming teeth experienced some kind of change in the origins of their food sources that may have been related to movement during childhood. This might be the case for the male burial in Grave 14, who was interred separately from all other inhumations of the cemetery, several meters to the east (Fig. 2) . In addition, the 87 Sr/ 86 Sr ratio of the man's M3 fell slightly above the local range, making the inference that he experienced some relocation during childhood even more likely.
The late-adult woman in Grave 22 also exhibited a comparatively large difference between the 87 Sr/ 86 Sr ratios of the enamel of her M1 and M3 teeth, with a comparatively low value in the M1. Nevertheless, the environmental samples from the study area regularly revealed Sr isotope ratios below 0.70900, especially in association with calcareous soils of the Muschelkalk strata. Therefore, a nonlocal origin or movement of the woman across a larger distance cannot be reliably proven.
Rathewitz
The mean plus and minus two standard deviations of the bone samples from Rathewitz defined a span from 0.7094 to 0.7106, which is considered the narrowest estimate of the local variation of biologically available strontium. Similarly to that for Obermöllern, this range was narrower than the variation of the modern and archaeological comparative samples.
Only Sr isotope ratios that fell outside the isotopic variation of the comparative samples were considered nonlocal. This was the case only for one female individual, whose two tooth samples had 87 Sr/ 86 Sr ratios of 0.71357 and 0.71322 ( Fig. 7; Table 3 , see appendix). Overall, this represents a proportion of nonlocal individuals of only 7.1 %. None of the male adults nor the child could be assigned as nonlocal. Nevertheless, as is the case for Obermöllern, it is possible that the sample contains a certain number of unrecognized nonlocal individuals.
Comparison of the sites and overall trends
Sr isotope ratios of tooth enamel samples from both sites that were assessed as local, fell into the same range, which is consistent with the 87 Sr/ 86 Sr ratios of the environmental samples from the area (Fig. 7) . Nevertheless, looking at the M1s, which reflect the earliest signals in the lifetime of an individual, some internal trends appeared. Although these tendencies were not statistically significant, in Rathewitz the M1s of the males had somewhat lower values than those of the females, and in Obermöllern the children tended to have more radiogenic (higher) Sr isotope ratios in comparison to the adults.
These trends may point to slightly different patterns of land use and localities of the cultivated plots of land. So far, we know only the positions of the cemeteries: the settlements and agrarian fields have not yet been located. The existing comparative data suggest a concentration of agricultural activities on the fertile loess soils with some addition of Buntsandstein and calcareous soils on the Muschelkalk or in the flood plains. Environmental samples that were collected directly on Muschelkalk exposures have less radiogenic (lower) 87 Sr/ 86 Sr ratios than the human teeth. This indicates that none of the people who were buried in Obermöllern and Rathewitz lived exclusively from food grown in such localities. 
Discussion
At both sites, Obermöllern and Rathewitz, the proportions of nonlocal individuals are low, at 12.5 and 7.1 % respectively. Although it is possible that some of the other individuals were born in areas featuring similar geological conditions, our interpretation of the results so far provides evidence for individual mobility. The few nonlocal individuals might have come to Rathewitz and Obermöllern for personal reasons, such as marriage or to settle there after a comparatively mobile life during which they were involved in trade and exchange. This fits in with hints suggesting that movement occurred at different ages. So far, there is evidence neither for the immigration of larger groups of people who came to Central Germany from a common place of origin, nor for large-scale resettlements from a number of different localities. Either of those would have resulted in higher portions of nonlocal individuals with a range of different Sr isotope ratios.
Although residential changes seem to have played a minor role, the material-culture remains from both sites demonstrate the involvement of both communities in larger trade and exchange systems. A number of apparently local individuals were buried with grave goods and jewellery originating from fairly distant localities, while isotopically nonlocal people showed no clear pattern of association with foreign grave goods.
Local isotope ratios -foreign grave goods
In both cemeteries, "local" and "nonlocal" objects of material culture sometimes occur in the same graves, and oftentimes "nonlocal" forms are associated with isotopically local individuals (Fig. 8) . For instance, the adult woman of Grave 10 at Rathewitz, one of the oldest graves at the site (500 AD), contained a miniature sheet brooch with rectangular head plate that has its closest parallels in Gudme (DK) and the Saxon cemetery of Issendorf (Bemmann, 2008) . The grave also yielded a brooch with a calipershaped head plate (Rathewitz type), an item best known from Thuringian cemeteries, but which also occur in Langobardian contexts in the Danubian region and in Alemannia (south-western Germany) (Bemmann, 2008; Böhme, 1996; Friesinger and Adler, 1979; Koch, 1998) .
Large Nordic cross-shaped brooches like those found in Grave 12 at Rathewitz, (phase MD 4; 530-560/70 AD) are usually assigned to the Saxons (Brieske, 2001; Knol, 2009 ). However, because this piece was deposited later than comparable Saxon and Anglosaxon brooches it is more likely to be a local Thuringian imitation, an heirloom or a hint of some continuation of Nordic influences (cf. Hansen, 2004) .
A further example of the complexity of the interpretation of material objects as local or nonlocal is the small brooch of Krefeld/ Weimar type (cf. Schott 1961; Koch, 1998) in Grave 8 at Rathewitz, (infans II; phase MD 4, 530-560/570 AD). This kind of fibulae was primarily distributed in central Germany, while other examples have been found in the Merovingian west (Böhme, 1988; Koch, 1998) . They have usually been interpreted as having been brought to the region by Thuringian refugees after the 530s, and then developed further there (Theune, 2008) . Although human movement from Merovingia back to central Germany cannot be ruled out, this specific fibula, which was deposited in the grave of a child one generation after the main occurrence of this type, was more likely a present than an item that belonged to the child's costume. A comparable pair of brooches is known from Grave 2 at Obermöllern, where they were indeed deposited with a nonlocal woman.
The overall shape of the bow fibula of Rositz type in Grave 15 at Rathewitz, (central third of the 6 th century) is common in the region and also occurs in Langobardian context, while the specific variant is one most frequently found in southwest Germany (Bemmann, 2008) . The grave also yielded keys of a kind well known from Langobardian cemeteries (Bóna and Horváth, 2009) .
Furthermore, horse bones indicate a certain degree of mobility. There was a horse found buried close to Grave 14 at Rathewitz, which held the remains of an isotopically local adult male. This pointed to a nonlocal origin of this individual, who was buried with full weaponry equipment, an east Gothic coin (Athalarich, 526-534 AD [Schott, 1961] ) and a nonlocal ceramic vessel, probably from the Rhineland.
In summary, all of the objects from Rathewitz that might indicate mobility or even migration were found with isotopically local individuals. In addition to trade, gifts or -in the case of the man from Grave 14 -feuds, raids or participation in wars could be possible explanations for this pattern. The widespread distribution of brooches as elements of female costume very likely gives evidence for regional and supra-regional fashion and trends that were followed by the members of networking social elites.
The situation is very similar in Obermöllern, where the rich graves in particular contained many imports and goods that point to even wider distribution areas. The following discussion will focus on two graves in which women were buried (Graves 5 and 6) who feature artificial skull deformations that have repeatedly been associated with Hunnic influence and viewed as an indicator of nonlocal origin Fig. 8 | Comparison of the occurrence of local or foreign influenced grave goods to the results of Sr isotope analysis on human tooth enamel. Matches of archaeological local or non-local origin of objects and isotopic signals in tooth enamel are marked with "+". Local objects in graves of non-local individuals or foreign objects in graves of isotopically local burials are marked with "-". For instance, foreign brooches or bracteates in Graves 10 and 12, Rathewitz, and Graves 9, 13, and 6, Obermöllern, were associated with isotopically local people (images from Schmidt 1961; Schmidt 1975; Dräger 2001, not to scale) (see Alt,2006; Hakenbeck,2009) . So far, both individuals from Obermöllern fail to support this hypothesis, because the Sr isotope ratios of their teeth fall within the range of local isotope variation for the site. It is very likely that the then-inhabitants of what is now Central Germany adopted this custom, making it fashionable in the local communities. This outcome confirms earlier results from Bavaria (Schweissing and Grupe, 2000) .
Nevertheless, the rich furnishing of Graves 5 and 6 at Obermöllern do suggest that the women were involved in interregional relationships. The mature woman in Grave 5 has recently been described as a "foreign woman" (Schafberg and Schwarz, 2001 ) based on archaeological evidence. She wore an S-shaped fibula of the 5 th century that has parallels in Liebenau (Saxony) and in the northern Danubian region (Brieske, 2001; Tejral, 2002) . A bronze polyhedral pendant dates to the second half of the 5 th century and, like the artificial skull deformation, it is considered as showing influence from the east or riding nomads (Brieske, 2001; von Freeden and Lehmann [2005] report the same combination in a 6 th -century grave).
The mature to elderly woman in Grave 6 was buried somewhat later, in the 6 th century. Her grave furnishing draws a heterogeneous picture of long-distance contacts into different directions (cf. Axboe, 2004; Hansen, 2004; Koch, 1998) . A golden bracteate, a single-sided gold medal worn as jewellery, is often assumed to exhibit Nordic-Scandinavian influence (cf. Hansen, 2004; Munksgaard, 1978a; Munksgaard, 1978b; Thews and Behrens, 2009 ), but its use as a mite (Holter, 1925; Roth, 1978) or grave good is a continental custom which is well known from Pannonia (Pedersen, 2009) . Its imprinting does not have any known parallels (Pesch, 2007) , which, like some additional single attributes, supports its interpretation as a local work. The Thuringian calliper brooches (Theune, 2008) (for distribution see Bemmann[2008] ) are typical regional forms, although they also occur in western Francia (Hansen, 2004; cf. Koch, 1998) , like the pair of small brooches.
Finally, attention should be drawn to the Nordic bow brooches (mid 6 th century) in the women's Graves 9 (adult) and 13 (juvenile), which at a first glance looked nonlocal or seemed to show nonlocal influence. After looking at individual decoration elements, as like she did for the golden bracteates, Karen Høilund Nielsen argues that both Nordic brooches were local developments (Nielsen, 2009 ). The associated ceramic vessels have local traditions and the leg bindings and small brooches are widely distributed or in general "Merovingian".
In summary, foreign objects and fashionable goods in Obermöllern also appear predominantly in graves of local individuals. This indicates long-reaching contacts on the part of the upper class, including participation in fashion development and long-distance trade.
Furnishings associated with isotopically nonlocal individuals
The isotopically nonlocal burials, rare in both cemeteries, differ from the well-furnished burials of locals. For instance, the sole nonlocal burial at Rathewitz (Grave 11) was very poorly equipped, with only one knife and eggshells. Eggs are quite common grave goods in Merovingian cemeteries, even though they are considered typical in Thuringia (Blaich, 2009a) . The humble furnishing of that grave raises the question of whether it was related to the individual's identity as a foreigner -perhaps a traveler who died unexpectedly while en route? The woman, however, was buried amongst the local members of the small community or burial group. This makes it unlikely that she was a serf or even a slave.
The burials of isotopically nonlocal women from Obermöllern tend to have typical local furnishings. Grave 2 (500 AD) contained a pair of small fibulae (Weimar/Arcy-Sainte-Restitue type) similar to those from Grave 8 at Rathewitz, and Grave 6 at Obermöllern. Such brooches are well known from Thuringia and western Francia. Their comparatively late deposit (first third of the 6 th century) may indicate that they were already heirlooms, or again raise the question of whether people and objects travelled against the flow of a migration as it has been inferred from historical tradition.
The mature woman in Grave 20 was buried one generation later, in the second third of the 6 th century (cf. Axboe, 2004) . Two bow fibulae with biting heads oriented downwards are typical Thuringian brooches (Bemmann, 2008; Koch, 1977) .
Unlike the bracteate from Grave 6 that is interpreted as being a local imitation (Thews and Behrens, 2009) , one of the bracteates in Grave 20 is considered to be a true import (Nielsen, 2009; cf. Hansen, 2004; Munksgaard, 1978b) . Its motif belongs to a group which is primarily known from Scandinavia (Pesch, 2007) . A second golden bracteate shows a Christian cross in an arrangement indicating Byzantine influence (Ellmers 1974; Roth, 1978 ; see also Dräger, 2001 ). The occurrence of pagan and Christian motifs in the same grave raises the question of whether the woman was aware of their contrasting iconographic meaning or whether she primarily appreciated the decorative effect of the gold. The different origins of these objects and their possible misunderstanding by their wearer do not support an interpretation of these pieces of jewellery as items of personal property that point to the birth region. Indeed, they may instead be presents from elites from other regions or have been acquired in different ways. Most of the other objects in this woman's grave, such as a pair of small disc brooches with inlays of garnets, represent "international" fashions of the central European social elites. Furthermore, the grave construction is of interest for its interpretation. Elbe Germanic pottery was deposited along with the dead body and the other grave goods in a niche 50 cm above the grave floor. A similar construction has been found in Graves 13 and 16 (Holter, 1925) , in which isotopically local people were buried. Along with the presence of the regional brooch type, this indicates the integration of a nonlocal woman into the living and later the burial community (Peters 2007).
In summary, both nonlocal women from Obermöllern are associated with grave constructions and grave goods that represent local traditions and customs. One possible and convincing explanation for the integration of rich nonlocal women into a socially high-standing community is exogamy.
Unlike the case for Rathewitz, nonlocal men were identified in Obermöllern. The clearest example is Grave 12, one of the cemetery's latest graves, which held an individual who was buried, without any weaponry, in the second half of the 6 th century. The larger of his ceramic vessels shows Frankish influence, while the smaller one combines both Thuringian and Frankish style. The biconic form is characteristic for Frankish handicraft, while the inlay decoration is typical for Thuringian pottery. This piece could be seen as an attempt to combine foreign form and local decoration.
Only one other male grave (Obermöllern Grave 14) failed to contain weapons among its grave goods. The comparatively large difference between the Sr isotope ratios of the M1 and M3 of that individual, and the fact that the M3 ratio falls slightly above the local range suggest that this man had been abroad temporarily. His grave goods included two small ceramic vessels that seem to be more common in child burials. Furthermore, he had a bucket that, even in its poor and undecorated form, is a rare grave good. In combination with his elevated 15 N value (Knipper et al., unpublished data) , the in part nonlocal Sr isotope ratios and the unusual grave goods may point to a different economic background, which could represent the reason for his higher mobility in later years.
Conclusion and outlook
The combination of Sr isotope analysis for human burials from the Thuringian sites of Rathewitz and Obermöllern and a detailed analysis of their grave goods does not provide any indication of large-scale migrations to central Germany during the early Middle Ages. The three nonlocals among 30 deceased in Obermöllern and 1 nonlocal among 18 deceased in Rathewitz may reflect individual residential changes, but no movement of larger groups of people, or in this specific case, the Langobards who are thought to have migrated through central Germany.
Furthermore, interments of nonlocal individuals occur throughout the period in which the cemeteries were in use, while the isotope ratios for individuals found in the oldest graves, those of the founders, did not differ from the local values. This suggests that the newly founded cemeteries of the 5 th century were not initiated by newly arriving groups but result instead from a change of the funeral customs, from cremation to body graves, of an indigenous population.
In both cemeteries, nonlocal people were buried among the locals. Their graves revealed similar grave constructions and were similarly well equipped, with local and foreign objects. Nevertheless, many of the nonlocal grave goods were found with isotopically local individuals, often in combination with local items or pieces that indicated several different source areas. This suggests strong interregional ties involving the exchange of goods among the members of the elites. Therefore some grave goods, especially the brooches, are good indications of interregional relationships among communities, although they do not necessarily reflect the birthplace of an individual.
Fresh leaves and grass were stored in zip-lock bags and cleaned with demineralized water to remove any dust that could bias the strontium isotope ratios of the biosphere. Washed samples were dried in an oven at 50 o C, ground manually, and stored. To facilitate the digestion procedure, 1 g of dried plant matter was ashed for 14 hours in acid-washed silica crucibles at 550 o C. Then 20 mg of ash were digested with a mixture of ultrapure HNO 3 and H 2 O 2 and evaporated to dryness.
After cleaning with de-ionised water in an ultrasonic bath, the surfaces of the human tooth crowns were removed completely with a diamond-coated dental drill bit. Discoloured portions were removed completely, which resulted in varying depth of surface removal. Afterward, samples of core enamel were milled from the preserved crown height. Admixture with the underlying dentin was very carefully avoided. In other cases, sections of the tooth crowns were removed with a dental saw disc. All surfaces of the chips and adhering dentin were removed manually with the dental drill. The pieces were powdered in an agate mortar. In order to dissolve possible secondary carbonates that might have introduced diagenetic strontium, ten to twelve mg of enamel powder were washed with 1.9 ml of de-ionised H 2 O, 0.1 molar acetic acid with Ca-acetate buffer (pH 4.5) and rinsed four times with H 2 O. During each step samples were shaken with a vortexer, placed in an ultrasonic bath for 10 min at 45°C and centrifuged for 5 min at 10000 rpm. After drying overnight, the samples were ashed at 850°C for 10 hours. The complete pretreatment led to substantial sample loss (enamel mean: 35.7±11. Tütken et al., 2006; because using stronger (1 molar) and unbuffered acid on powdered samples (cf. Balasse et al., 2002; Garvie-Lok et al., 2004) leads to even greater sample loss.
Further preparation was done under clean lab conditions at the Curt Engelhorn Center for Archaeometry in Mannheim. Five mg of pretreated enamel or bone powder were digested in 6 N HNO 3 and diluted with H 2 O to HNO 3 3 N. Sr separation was carried out in 50 μl Teflon columns with Eichrom SrSpec resin. The Sr concentrations of the eluants were determined with a Quadrupole ICP-MS. The solution was diluted to 200 ppb Sr for isotope determination.
The isotope ratios of the teeth, bones, water and most of the plant samples were determined using a magnetic sector field MC-ICP-MS (Multi-Collector Inductively Coupled-Plasma Mass Spectrometer) VG Axiom and corrected according to the exponential mass fractionation law to 88 Sr/ 86 Sr = 8.375209. Blank values were less than 10 pg Sr during the whole clean lab procedure, including digestion, Sr separation and measurement. The Eimer & Amend standard that was run along with the skeletal and environmental samples yielded 87 Sr/ 86 Sr ratios of 0.70803 ± 0.00009 and 0.70799 ± 0.00006. The longterm mean ± 2 (Dec. 2009 -Aug. 2010 ; 142 measurements) is 0.70802 ± 0.00007. The interlaboratory mean is 0.708027 ± 0.000035 (1 , standard deviation) (Müller-Sohnius, 2007) . Some analyses of plant samples were performed on a Triton (ThermoFisher) TIMS instrument of the Max Planck Institute for Chemistry in Mainz. After strontium separation, the samples were loaded onto tungsten filaments with Ta-fluoride activator. The difference between both methods was less than 0.00006.
